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Boiler Feed Water Treatment Plant with RO Type Desalination Plant
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A boiler feed water treatment plant was installed in Chile, consisting of a demineralization
plant applied for brakish water and a desalination plant for sea water supply. The demine-
ralization plant consists mainly of a silica reducing equipment, medium pressure RO and ion
exchange systems.

The desalination plant with a hollow fiber type cellulose acetate high pressure RO is applied
for sea water as a substitution of the unstable brackish water supply.

The permeate of the desalination plant is treated by the following medium pressure RO and
ion exchange systems of the demineralization plant.

The operating results for 21 months are quite steady and excellent. The salt rejection rate
of the high pressure RO has been maintained by 99.8 % and the final treated water for boiler
feed shows by 1.0 xS/cm or less in conductivity and 10 pg/¢ or less in residual silica content.

T Z p = £ 2R KERNT¥A

B7 AV AKEOEREES L X, 7V V)IOKT % Table 2 Water balance (Unit: m3/d)

VIV, BENET =T RBE NI T YT ADL A K Point | Sea water VBV;izl:ish
BONEARD AL S0, } application | application
LA L7 v 7 2 IUBROTE R F ) OALIRIC K X 7B EEH ] Inlet of desalination plant j 1520 —
boTWAZ kb EDHBN TN R, Z0F VALK ' o T T T
DR TEIR . LR e AR ER L7 ) o ot of high presswre RO wystem 388 | =

Brine outlet of high pressure RO .
EAEE L > T X system o 720 - )

SO OMIED T H B F o ¥ < ZTHICIE, EEH Inlet of demineralization plant i — 610
At F v a oBREOFULHYD, OFAUNTEERIE & " Outlet of medium pressrurer RO ' 7 737307 I 507<
L TR BA OB £ > Tl 5o MO TR 7%;?::1outlet of midium pressure !
MOBET 7t BICEBEOBEWFAIIKEROKEIC LD RO system | e 178
BiE L, &HKfT 2 0HEELRAL TWDo Treated boiler feed water ‘ 300 300

SENLE DF 2 F 7~ X LRI E S % £ 5 TEe ‘

DOraY D DIREERC, RO
e & m@-mimz%giézmmm B 1R EAGIRR
Table 1 Design water conditions
BB R A TSR & W :
AL DTHET %o | :,,_,, - Raw ‘wrater | Treated water ‘
1. KA SHRKMIBEBORIE Ttem Unit ' Desalination | Demineralization (Boiler feed

ABEBREFRTHEEOZE L (o plant b plant
2P akt F Ay e EERFOED - L | (Sea wat_er) ‘(Bra?k.ish vgter_)i_
138%E7 7> F (78 MWX 25) 0 pH L35 °C 7.52 | 7.8 ~ 8.25 6~7
R A FHAH & LTSEAHAA LI b Temperature  °C | 20~30 20 =30
DThbBo TDS . mg/e | 36 890~40 000 ‘ 744.0 ~ 916.0

MEEIZERE 7 7 v FERRRTI, M-alkalinity | mg/¢ CaCOs 143 | 100  ~160.00 |
PBEDF 2 %7~ ZE DKL LTHE  Total hardness | mg/¢ CaCOs 6490 | 166.80~281.90 |  ND
BNTkD7 ¥ 7 R LR © FEITK Ca-hardness mg/¢ CaCO3 | 1052.2  16.60~199. 80 |

(AT EIFKETHHRA FHKT Mg-hardness | mg/¢ CaCOs | 5424.3 | 79.13~128.74
7 » T (Demineralization plant) % Chloride " mg/e CI- 19460~21425 | 99.00~151.13 ND
A Lizo Sulfate mg/e S04~ 2720~2970 45, 30~242. 40 |

COFRFFEET 7 ¥ PHEA TR silica | mg/e Si0; 2.4 | 3.9~ 86.80  <0.01
KNBBEEB IR OFI3FHE T 7~ Conductivity | #S/em — } 520 ~ 1375, <10
Bicd, #eERTEEELREDW Turbidity - ma/e — 075~ 2.20
77 POFMELTHIISNTE 2o i mg/¢ Fe D | 013~ 030 <001
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EE 1 »rAKBEEERZRHWRA 7 iKLERE

Photo.1 Demineralization plant

2 ¥ AR IYEBEINDFORKENFRET, BLEHT
RUIE LIEEHR KBS R ELTLE S &AL /oo
CORDEISERE S T FERBEKENXTEL-E
LS LREA E TR\ 5 IR OBIT L AHEKIEKLER
(Desalination plant)# B A$T 5 Z &7 - 720

LA UBRHIIC 3\ CHRMBE K KALEEB O F 23, 2 A KR
HWREBICHANTT v=v 7 ax PR B2 0BRETIE
RGBS ERERAE A I N T Do

%1 E = Demineralization plant & Desalination
plant &7 v~ %KY
2. DAKBIBEBZRWCRA S BKNIBER

(Demineralization plant)
2. 1 &8

A K E LCTHERINTWA S, HFERENE
<, oY) ABENRECIHAKTSD, KA FHRKAR
KELTIRELTEWKE &IEW2 o, HETFEKLEHE
MHEK L H B 1 RCRTHY TH D,

E2RCEEARY R T, ZOHMZ610 m3/d oK
BFKL, BA Ik E LT 300 m3/d #4EE35 & &8
T& 5o

BUKIZE 7 v 3 = v a8 X B3RP0 & 9 BREERRE
MR/ ENDe TNIRBEFEOFEROEBE T ANTYY
O AERZ EiWEDThHbB. v Y 2k OIEERER
kb ROBEBADIKCEI 40 mg/e LI Tz Twn
bo BEHKIZEEN Y I, DEABAERAIEL LT
VA BEATHRBEHIFRT DN TN, FLEEAIEL
THRREEZERY — 252 A2,

MEEMEE X -ikik, B A 74 >~ -
I FEEEh, FEEKECARDN S,

P L DRy 77 o TENIKIE, RY v TER
SRh D BOCHEET 25 °C IemBiNAa®, -1V
T7 4 NEEBETMER Y 7L Y MEINTHEROE
BieEprnb. ROEEBEEEKIEEC XD BT BT
HBIRBR Y X 0N D,

FER OB A D FRICHEITEAZN, FEROME
DK E R r =V ¥ 7 &BFIEL TW5, ¥ iR Y
—ZHFEALTROBEOBILLILCA LEES L TWWb,
TR Y —~ X X1IA1EBSEEFEILLT, BKCEEND
BERERIC LD BEPNKEEIfTA5 L 58> Tnb,

T 4NE T

5 B 2 HEROXEE
Photo.2 Medium pressure RO system

B 3 R TEMBMER

Table 3 Materials of main equipments

Name fo

plant Material

Equipment

Coagulation/Polishing CS/Rubber lining

filter

Micron filuer FRP

Pressure pumps

pump, high pressure | | SCS11/SUS329]J1

Desalination Including sea water
plant (

pump and backwash
pump

PVC (Low press.)
SUS 316L(High press.)

PVC (Low press.)

Valves SUS 316L(High press.)

Settling basin/Syphon
filter

CS/Tarepoxy coating

- Polishing filter and
mixed bed deminera-
lizer

CS/Rubber lining

FC 20/SUS 304
SCS 13/SUS 304

minerali-
Deminera Process pumps

zation plant

PVC (Low press.)

Piping SUS 304 (High press.)

PVC (Low press.)

Valves SUS 304 (High press.)

FER OB v e — X e 234 5 VEL (S C3200)
FEALTRD, EUNEIZY Y 2 HTHE IS5 72165
BICFHEBEINT N5,

B 2 7z R ORE G EKITBRECES B A 4 ~
INb, SED T 7Y MIHOY Y ZREDRIES 10 pg
/0 LR NDREEHO v ) 28 Y ¥ 2RE Lo
RIEEH Ty Y 7i13BE 10 pg/¢ LITT 558, ¥
VARY Yy BBECLDERORER L H L TWD,

Demineralization plant % BE1 534, AEEBIIE
BOlE < THAN BWcd i 3T EBAC REI T
o BE2IIFEROERETH B0

TEHOME B IRICART ROEBEMEY LIBILES
LOEBMNTNE S ICPVC, SUS kD&t s
b T2,

10 M7 7y ¥ -
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2.2 EEF-%

PREEALBC 2 o CIEBTRRIE AL, HALE 2 SRR Y 35
177 3I=y 2EIRF SN, I A IR —ERER
EREN. LALRYVEMNLT VI =y M EIRE O BN

f<, PH 7~8 & iy pH C & B EEMEREA
B, 2OUBEKDOBET NI =Y 2D LRV
RN EBEERE UTEREARNLSEAL
TRy #E7vi=van (PAC-250 AD)
BERATHZ 2L PAC-250ADDEA

H3, ROFEEAD SDI 5 min)it 2~3, PN{HE L

B 4 R FATHRKLEEEO TS

TH0 EE RERWERZRLTW5A,
FIER OBIZ L0 L5t & BB HEEE T L
N U Y — X EAZIC L HHNBIT X ) +4orREL

Table 4 Chemical injection rate of desalination and demineralization plant

Name of chemical Injection point

Injection rate
(mg/¢ AS 100 % Chem.)

Sea water | Brackish water

application | application
%250 mg/e, BEHO pH T~T. 55 THE ion

/ - 5 - Polyaluminum }pllet of coagulation 1.8~3.3 —

HROY Y 40 mg/e DT #HET Hlorid Hter
chloride
Thao o PAC-250 AD Inlet of settling basin — 247

REA L UTHREEERY — X2 HEAL , .

T, BReHikKeBEEE HEINS & Inlet of coagulation 24 _

DT oot bC, WALBIE Lo EEA e Sodum hypochlorite filler = | =

LTRT VARBER OB EATHIELL NaCIO Inlet of settling basin — —

oo HERICIRT 2 RO BEARE F4R TR .

T " Inlet of coagulation 25.8 .
i i i filter ’

B5RCAMERA ¥ Mok BRI Sulfuric acid e B
HRTo VU AIKIEEHEH D T34.2 mg/ek H.SO4 | Inlet of medium - 76. 6
T AR VAV ET B SN B, g e RO [
ROEBAOKKTIH7 VI =Y LOBEEL I%alggc soda ‘ Inlet of settling basin| — | 65
TR IE e RO BEIZENE6S %ThY, i |' | I
RO Z@WBMEKHRDY ) 7 #@EL 84.6 mg/e Clay ! Inlet of settling basin — (100)
LHREL VDL, vV IRy ~-) S ORE 1 ,
ITEETH - o iOdiélS sulfite Inlet of medium 16.7 8.1

ERARBOT VI =Y REOEAC L hhdb o e
B 5 X MkBiERERANZER A T RSB KE
Table 5 Performance of demineralization plant

; . L . . Mixed |Mixed bed| q.;.

: Raw | Settling] Syphon Medium Medium Medium . - Silica
Item i Unit brackishi basin | filter |press.RO/press. ROjpress.RO bed demi- demine- polisher

! . : iF : neralizer |ralizer

! ‘ water ‘ inlet inlet imlet permeate brine inlet outlet outlet

Turbidity mg/¢ ‘ = — } — | — — — — — —

Color 1 — — — — — — — — —

pH (25 °C) 7.4 | 7.4 7.3 5.8 5.2 6.3 5.9 6.9 6.7

Conductivity “ #S/em 25 °C 850 | 1000 950 950 45 2200 40 0.08 0.08

M-alcalinity I mg/¢ CaCOg 95. 6 98.4 84.4 30.9 8.4 68. 6 7.2 — -

P-alcalinity mg/¢ CaCOj; 0 | 0 0 0 0 0 0 — -

Total hardness mg/¢ CaCOgy 330 ‘ 250 280 260 0.3 750 0.3 0 0

Ca-hardness mg/¢ CaCOj; 116 | 116 115 116 0 420 0 0 0

Mg-hardness mg/¢ CaCOg 214 134 264 144 0.3 330 0.3 0 0

Total dissolved solids mg/¢ — —_ — — — — — — —

CODaxn mg/¢ O — — — — — — — — —

Carbon dioxide mg/¢ COq — i — — — — — — — —

Chloride mg/¢ CI- 135 175 175 170 | 9.0 99 8.0 0 0

Sulfate mg/¢ S04 — — — — — — — — —

Nitrate mg/¢ NOj;~ — — — — — — — — —

Phosphate mg/¢ POy~ — — — — — — — — —

Ionic silica mg/ SiO; 61. 4 34.2 34.5 33.3 2.91 84.6 2.65 <0.01 |<0.01

Ammonium mg/¢ NHy4~ — — — — — — — — —

Manganese mg/¢ Mn — — — — — — — — —

Iron mg/¢ Fe 0.05 | 0.015 — . 0.025 [<0.01 — — — —

Bromide mg/¢ Br~ — — — — — — — — —

Aluminum mg/¢ Al — 10.153 ! 0.048 0.03 — — — — —

Raw water source : Brackish water
Date : May, 1985
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-MEREA RBER T H Z LN TE T\ 5o

YU ARY ¥y HODMEK 4 IZTESEEE0.08 1S/
cm, ¥ #10 pg/e BT L EbDTRIFAKEATS %o
3. BAKKILEEE BOWoK4 S BKNBERE

(Desalination plant)
3.1 E&fm

# UM EE L b k3% 7 v By M BRI TR
D, —RRIEAKEREN, ZoHELD ISR -7
M-k, BRI L BDEFREREEE LR E RS
D—DTCHMTT v F 1 7EFENDI I E I F AT V0 E
WAREIC ENBS

RGBT SN HEKIE, 47+ ¥ HFRE
LOEETHE m X YEUkEh, FEcE M MD, KE
Kl UCTREEFZER Y — L RFEAINEZOL, FUKHE oW
KIXIEKRE » TR TCRY 77 o 7TEN, ZOEKCEER]
ELUTRYHEAT V=Y L, pH AL U CHBRMAE
FAxh pH 6.6~68 i xh, BEOGEFBIRICTRH
B\BEND,

PRy 27 & & UCTBEFRBORIC R Y v > JFE
BEMBEINTEY, BRIy ) — X o SNEER
WERE FE R Y ¥ v SFBEERSEEITA » e R i o —
FoOFEBREROLTUHEEND,

FERENIEEKIE S — YV o V7 4 MR EETHIER ¥
TEEBN, TER Y 7T 55~60 kg/cm?2 winE X
TROEBITEDNS,

R OEEIIEMR w /v v — 2 hZRED RO BEAHWS
#, Hollosep HM 81550 R O & o — /28 HM 8255 @

B R 3 ABOK(EE
Photo.3 Desalination plant

B R 4 #QEFEEEE
Photo.4 Coagulation and polishing filters

BEITEZ L2 2ETOA-TW5B, EERIX, HM 8255 D
FRERMAETAHT BT WBH, 2UH L D 17RKDFEIKDH
THonMEEL B TND, 20 EE RO BED EINEX
35 BILEEINT WD,

B KAL BB OB KITEOIR L D EUkIhTnw5b
FodiT, I X ) As S OmERL HEEAEEL,
B A QOB 2B M, Wmo%d & LERAmA
LB EC b ROBERVEERHBRTH I &0\ X HE
BLTW3, F-ROBAOCEBEEZI»RONT, B
HIEFBREY FRAIEER L T 5,

BER O BB & ) B X - ZiEKkikEEE: Demine-
ralization plant DFEKEIC4HE X, DIBEESREENT
L VMBEIND o FEKEICA - e FBBKIE R >~ 7 TE
THaER, I/ u v T4 vE, HERY TERTHERORE
BIEESND. NAKIRED & EHEBEINERY v IR
BEHIZ DBE AR IND. HE RO EEEEHKI
PH MEW /- BEEMER Y ~ X4 EA L pH % 5. 58i& I
B+5, COEEREY — X EAX pH JEO L HTE
BEFRAFMLUTCHER OEDOBLLETEIETE 5, 1
H1EEAZGERER toTHERO BOKEL{TH Z &
X, HAKFEDOEE EFAKRTH D,

FEROEBIXMRDO7 w7~ » 284 FNEDED
HEOFEFMAT Do o7 UAL KIS ATKD BYEK A ¥
AL L DICEB D, ROEY 2 —VOFEFIAREXT
FENZEA 85.1 % I _RF Tnb, = DhEEROEMmKIX
KL DIE A NCHEBEIME D FUKMIERE TS 2 &
SETH S5, BAEXEER OEEEEKLENIEHT
BWieBEEETZOE EHKEL Tnb,

R QB AEKILR 7 2 B2 CRRE, vV 7R
U ¥ ICTE I N AR A T/KE LTI 2k X
N5,

Wk EFKE LTRWBAORFEK4E, W0EKL
HaEI1RTRET. ¥/-5EROEEHAEIXI88 mi/
d, JBEKEZINAKDOEE LR 300 m3/dTth B,
EEARERITHRIKERZFE2RCREINT WD,

KA E O B KB R & 3h - oo EEHER
OME4EIRCIRT. ROEBEY 0FEEERV 7
v ARy 7N, SRR K LD BEY kS
T, (SIERRCIXERTCABE Lk X b, BRI
THYKS, BHERING L HEEITEIN TS,

B E 5 REROEBLMERYY
Photo.5 High pressure pump and high pressure RO system

42 MR 7Y Ny B
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Operating howrs {hrs)
Date : Jun. '84~Feb. '87 Type of RO module : Hollosep HM 8255
Rated capacity : 16.2 m3/h NO. of RO module : 34 Pcs. of HM 8155
Rated recovery rate: 35 9 Mode of operation : Continuous operation
Sea water conductivity : 52000 xS/cm Salt rejection . ( 1 __gl’ ) X100 (%)
P

&3 HEKBOKA GBI 7 ~ &
Fig. 3 Operating data of sea water desalination plant
Desalination plant D 5 E 45X 3
77, BHE 4% Coagulation filter 60«
& Polishing filter ©# %, High
pressure pumps & RO modules %
BE5 R,
3.2 ExrF—14
PRI E ORI FHEER & LoF
LTRREVEh7VvI=y a i FHL
Tn%bo BEFGIRRORY v v JiF
BarDEER 7 — £ % FE 2R R,
g’ PAC-250 AD 1.82 mg/¢ * &\~
BEARIL L hbbd, Ry JFE
EEHEDOSDI 121.0~2.5 & ol R 00000 oo
TREFLEIE DN/ FREIbEE 0 x..x..k..x--»-v':"
#SDI LT3 0L Tichs%Tic 0 12 24 36 18 80 7
BrEM A B 5. EEFEIELRY &~ Operating hours (hrs)
¥ B A v )~ X CHEERT D DI

SDI (15min.} At the

outlet of filters

(kef /em)

Differential pressure of

filters

Flow rate: 50~51 m3/h (LV=13.2~13.4 m/h)

SO LD BB O FIEZR D KE AL SDI (5min) of sea water: 11.6~15.4 (PN=0.24~0.78)
EIN—FTHERTEDHTH %o Symbols : Coagulation filter -x-- Polishing filter —o—
NN Chemical injection rate :
g gty . & 5 i rate
SR B OZE EAIL0.5 ke/om PAC 182 mg/e as 100 % PAC 250 AD
WHETHDIPAC HEAEL8~3.3 NaClO 2.42 mg/¢ as 100 % NaClO
mg/e LT, 1~4BThot0 18 H2SO4 25.8 mg/2 as 100 % HsSO4 (Arranged to pH 6.6)

EERC S WOREEFBSE 1 E 1 B2 KUK e A - »

B, Ry ZE@REMIE LA L ER Fig. 2 Operating date of pretreatment system of desalination plant

D EF Ao 1EB 1 BEHREE AT - T b WIKLEBA AT AEN 7 v =v 7 ax Pk bz
BARCHEREIMERELEALBEOER[EARY DT, EKEKIEEBDOF & EHEHL TWb,

At SO&HCEBEAZRR, HENEAFT > T 5B BIRCHEROEBEDOEERT ~ 2 %R T, ROKED

AP DG AN TR A <, @fliamk, Bl BEEEL X b TENL TR ) FEKSESEERE 52 000

TR AFE G R AE TS B 23 A KA R e Cilgzk ¢S/em(TDS 35 800 mg/e) i L BRI 150 4S/cm

Vol. 31 No. 2 (1987/7) M7 7w ¥y —HEER 43
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B 6 F WARKIEREHWCRA 7KL EOKE ST

Table 6 Performance of desalination and demineralization plant

 |Raw sea|High _ High _ |High Medium [Medium [Mediom Mixec . Mixed - Isijica
Items Unit : press. ROpress. ROpress. ROpress. ROpress. RO press.RO neralizer neralizer polisher
o ‘water Imlet N _‘P_er.meate Brine lm]et permeate brine [, 15 ‘.outlet outlet
Turbidity mg/e |13 ‘ <0.2| <o0.2| <oz — = = = = —
Color <2 <2 <2 <2 — — —_ — — —
pH 25 °C 7.8 6.8 9 5.0 7.1 5.5 5.6 5.4 6.6 6.10 6. 15
Conductivity #S/cm 25 °C 52000 ' 52000 . 138 | 71700 165 12. 2 1110 11.0 0.07 0.07
M-alkalinity mg/¢ CaCOj 118 93.9 | <20 140 | <2.0 4.0 | <20 5.0 — —
P-alkalinity mg/¢ CaCOs 0 0 0 0 0 0 0 0 — -
Total hardness mg/¢ CaCO3 8400 8 310 8.3 12000 9.1 | <0.3 51.8 | <0.3 0 0
Ca-hardness mg/¢ CaCOs3 1390 1340 1.3 2020 1.3 <0.3 9.6 | <0.3 0 0
Ma-hardness mg/¢ CaCOg 7010 6 970 7.0 9 960 7.8 | <0.3 42.2 <0.3 0 0
Total dissolued solids mg/8 35800 | 35850 83.0 . 60800 | 97.0 — 530 — — —
CODxn | mge O <0.5 051] <0.5| 0.8 — i — — — - —
Cardon dioxide mg/¢ CO2 ‘ 3.5 30.2 — 21.9 — . — — — — —
Chloride mg/¢ CI- ' 19800 | 19800 38.0 | 29200 | 38.5 0.91 235 0.89 0 0
Sulfate ‘ mg/¢ SO4~~ 2 640 2660 2.0 3960 ! 12.8 0.52 85.0 0. 565 — —
Nitrate mg/¢ NOsz~ 1.8 2.4 <0.1 12.0 | <0.1 <0.1 0. 30 <0.1 — —
Phosphate mg/¢ PO, <0.1| <0.1 <0.1' =0.1/<0.1 | <01 |01 | <01 — —
Ionic silica mg/¢ SiOg 1.1 0.98 | <0.01 1.6 | 0.02 0.01 0.05 " 0.03 {<0.01 [<0.01
Ammonium mg/¢ NH4™ <0.1. <0.1! <0.1] =o0.1 — | — — — — —
Manganese mg/¢ Mn 0.03 | <0.02 , <0.02 <0.02 — — N — —
Iron mg/¢ Fe 0.13 | <0.02 | £0.02 | <0.02 — — [=£0.02 =<0.02 — —
Bromide mg/¢ Br~ 62.0 62.0 0.72 96.0 — — ! — ! — — —
Aluminum | mg/e Al 0.16 010 008 019 — | — | — e
Raw water source: Sea water
Date : July, 1985
(TDS 83 mg/f) Th b, “HIFHERL L (EREEE © El 43

A= 2T99.7 %, TDS~—~2T9.8 % ThbHo Lind
& O BEE EIEGEE LIRS 000 B it b e b & LT
B2 BIFRREEAMERI AN T\ B, EEX X~ U
KR OBEOUEEIZ—ELITbN T Win\e U b AEKE
CERL, BRAOEELFELAEEFL TRV,

EZEERA LISk, EIEEIR 35 % AT\ 5, JLIEIK
B3 E# 0388 m3/d(16.2 m3/h) RELN T\ Do EiR
FF7 RS < ROBEOER LRSS ERGHANC S %,

VKA EB A H R L BEa DR A FHKABEEED
£ BRI B KESTELY B6RICRT. YI IR Y
» MO oMk & Bk ESEEE 0.07 S/cm, ) 7 10
g/l LITF &, mAKeBKE LA LR FECR
iR ST 5,

R OB & BB KYKALER A Ao R4 7HK7 7
MEEEEGLSE, 149 7 A% 86 UNER B8R 568
FonTnwb, HER OBIZ MR E L Bbh 541t
HEU RN, FORNKELEE LREXERCEE L T
l(\‘%)o

AEEREOEE, RINCES T, ZFFETHEERR, =%
REGED RV 2 7 v 2tk ZHEOF 4R Z1EE,
SXEE B oo FEEEANY THEEDOHELARTIRET
H 5o

(BEXH)

1) KB KRR v Z —~ EEBE-—i (1983.5)

2) FYEF = ¥ H~ 2 HLUET TR BEREERZ AW G AEKG

PREEE M7 7V FF — e+ =2 —% Vol. 23 No. 3.4 (1979.
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